Objective To investigate the role of acculturation, as measured by generational status, on body mass index (BMI) in a sample of Canadian youth. Methods Population-based data from the National Longitudinal Survey of Children and Youth were used. Participants were divided into 2 age ranges: children aged 6-11 years (n ¼ 14,287) and adolescents aged 12-17 years (n ¼ 12,155). Youth were classified into one of five generations of immigration: first-generation, second-generation, mixed-generation, third-generation, and Aboriginal. Parent-and self-report height and weight were used to calculate BMI Z-scores. Results Generation of immigration was significantly related to BMI Z-score in both childhood and adolescence. First-generation immigrants had more weight gain compared to other groups during adolescence, but not during childhood. Conclusions Acculturation, as measured by generation of immigration, is an important predictor of BMI in Canadian children and adolescents.
Introduction
In line with worldwide trends, Canadian youth are becoming progressively more overweight and obese (Tremblay & Willms, 2000) . Recent representative national surveys show the prevalence of overweight to be 18% and the prevalence of obesity to be 8% among children and adolescents aged 2-17 years (Shields, 2006) . Canadian children, Aboriginal Canadians, and adult immigrants to Canada have been highlighted as groups at risk of excess weight (Bélanger-Ducharme & Tremblay, 2005) . However, there is little known about the rates of excess weight in Canadian immigrant children and adolescents.
Immigration is an important part of Canada's history and continued development. Since 1990, Canada (population 34 million) has accepted approximately 230,000 immigrants per year, of which about 20% are under the age of 14 years. Immigrants to Canada are classified based on their reason for immigrating: economic class, family class, refugees, and other. In the past 10 years, about 50% of immigrants to Canada have originated from Asia/Pacific, 20% from Africa/Middle East, 17% from Europe, 9% from South/Central America, and 3% from the United States (Citizenship and Immigration Canada, 2010) .
The ''healthy immigrant effect'' refers to the observation that the health of immigrants at the time of immigration is superior to the health of the native-born population, but worsens with time spent in the new country. In Canada, recent immigrants enjoy health advantages over long-term immigrants and the Canadian-born population in terms of overall health status, prevalence of chronic conditions, disability, and life expectancy (Chen, Ng, & Wilkins, 1996; Hyman, 2001; Perez, 2002) . The healthy immigrant effect has also been documented in the United States (Singh & Siahpush, 2002) , the UK (Kennedy, McDonald, & Biddle, 2006) , and Australia (Biddle, Kennedy, & McDonald, 2007) . The underlying reasons driving the decline in immigrant health are unclear thus far. Differences may result from a cohort effect, such that immigrants who arrived more recently had a better health profile than immigrants who arrived earlier, due to evolving immigration criteria that selects immigrants on the basis of health screening, education, and job skills (Hyman, 2001) . Alternatively, the health status of immigrants may actually deteriorate with time in the host country due to acculturation. Acculturation, or culture change from being in contact with the dominant culture (Redfield, Linton, & Herskovits, 1936) , may help to explain why the health of immigrants deteriorates with time since immigration. Acculturation is associated with changes in multiple domains, including the physical environment, one's cultural identity, social relationships, and psychological and behavioral changes (Berry, Kim, Minde, & Mok, 1987) . As immigrants adopt Canadian health-related behaviors, they may become more similar to native-born Canadians and lose their health advantage. Acculturation may be particularly important for the development of obesity, due to North American ''obesogenic'' lifestyle habits (Swinburn, Egger, & Raza, 1999) , such as sedentary lifestyles, large portion sizes, and consumption of high-fat, energy-dense foods. The changes associated with acculturation may also be stressful (Berry & Annis, 1974) , which is another risk factor for obesity. Acculturation has been measured in adolescents using a number of proxy variables, including generational status, linguistic variables, and proportion of immigrants in the neighborhood (e.g., Gordon-Larsen, Mullan Harris, Ward, & Popkin, 2003) . Generational status, or ''generation of immigration,'' is based on the youth's and their parents' country of birth. Higher generation of immigration reflects a greater number of generations the family has been in the host country and suggests greater acculturation to the dominant culture in the host country (Hsin, La Greca, Valenzuela, Moine, & Delamater, 2010) .
Evidence for a healthy immigrant effect for excess weight in youth has been examined in the United States using generational status with mixed results. Popkin and Udry (1998) found that the prevalence of overweight increased from first-to second-generation Hispanic and Asian immigrant adolescents to the United States, but that there was no difference between second-and third-generation immigrants. Similarly, Gordon-Larsen et al., (2003) found the prevalence of overweight was lower among some groups of Hispanic adolescent first-generation compared to second-generation immigrants. In contrast, Haas, Lee, Kaplan, Sonneborn, Phillips, and Liang (2003) found no significant differences between obesity rates in first-and second-generation immigrant children or adolescents (results not stratified by race). A more recent study by Singh, Kogan, and Yu (2009) found that first-generation adolescent immigrants had lower odds of obesity than second-generation, who had lower odds of overweight than third-generation. When stratified by race, only Black and White youth showed this pattern of results, Hispanic and Asian youth did not.
In Canada, there is a lack of research examining the relationship between generation of immigration and excess weight in children and adolescents. However, several cross-sectional studies have demonstrated a healthy immigrant effect for excess weight in Canadian adults. Specifically, recent adult immigrants to Canada have a lower prevalence of overweight than Canadian-born adults, but the prevalence of overweight increases with additional years in Canada (Cairney & Ostbye, 1998; McDonald & Kennedy, 2005; Tremblay, Perez, Ardem, Bryan, & Katzmarzyk, 2005) . These results are based on all immigrant groups, with variation in these patterns between races. Analysis of longitudinal data is required to support the idea that immigrant weight gain is a result of additional time spent in Canada.
While most Canadians can trace their ancestry to immigrants, Aboriginal Canadians are those peoples whose ancestors were native to Canada. The Aboriginal population of Canada includes approximately 1 million people, or about 3% of the population (Statistics Canada, 2005) . Compared to the general population, Aboriginal Canadians show a larger annual population growth rate, a substantially lower life expectancy, and a higher prevalence of obesity and related morbidities (Katzmarzyk, 2008; Statistics Canada, 2005) . Similar health disparities between indigenous and nonindigenous populations have been documented in the United States, Australia, and New Zealand (Ring & Brown, 2003) . Like immigrants to Canada, Aboriginal Canadians have distinct cultural characteristics from the general population. Therefore, Aboriginal youth may experience acculturation, although the nature of culture change is expected to be different from that of immigrant youth due to its involuntary nature (Bartlett, 2003) . In addition, findings of elevated rates of obesity among Aboriginal youth (First Nations Centre, 2005; Katzmarzyk, 2008) indicate that this group should be considered separately from the highest generation of immigration.
There are other factors that may contribute to overweight in immigrant and Aboriginal children and adolescents, and these may also be related to acculturation and generational status. The prevalence of overweight varies across race in Canadian youth (Shields, 2006) . Moreover, the increase in prevalence of overweight from first-to second-generation was larger for Asian immigrants than for Hispanic immigrants in American adolescents (Popkin & Udry, 1998) , suggesting a potential interaction between generation of immigration and race in immigrant youth. Socioeconomic status is an important predictor of overweight and obesity in Canadian youth (e.g., Oliver & Hayes, 2005) . In addition, poverty levels vary by generation of immigration, with higher rates of poverty in first-generation immigrant families (36%) than in second-(14%) or third-generation immigrant families (13%) in Canada (Beiser, Hou, Hyman, & Tousignant, 1998) . Poverty rates for Aboriginal children are significantly higher than other visible minorities (Blackstock, Trocmé, & Bennett, 2004) .
The extant research literature suggests that generation of immigration is related to overweight in certain groups of immigrant youth in the United States. However, to date there is a lack of research on the relationship between generational status and excess weight in Canadian children and adolescents. Establishing the association between generational status, as a proxy for acculturation, and excess weight is the first step toward developing policy and interventions to prevent and reduce potential weight gain in Canadian immigrant youth. In addition, establishing this association may aid in understanding broader constructs, such as the healthy immigrant effect and the development of obesity. Research in this area is primarily cross-sectional; therefore, there is a need to examine this association longitudinally.
The primary goal of the current study was to assess the cross-sectional effect of acculturation, as measured by generation of immigration, on body mass index (BMI) in Canadian children and adolescents. The secondary goal was to examine the effect of generation of immigration on change in BMI over time. Using data from the National Longitudinal Survey of Children and Youth, we tested the hypothesis that BMI would be lower overall in more recent generations of immigrants compared to higher generations of immigrants, with the highest BMI in the Aboriginal group. We also tested the hypothesis that change in BMI over time would differ across generation of immigration, with greater increases observed in more recent generations of immigrants.
Methods Sample
Participants are from the National Longitudinal Survey of Children and Youth (NLSCY), a population-based longitudinal survey of Canadian children and adolescents conducted by Statistics Canada and Human Resources Development Canada. The NLSCY sample is representative of children aged 0-11 years that were living in any Canadian province in 1994/1995, when survey weights are applied. A full description of the NLSCY and sampling design is available elsewhere (Statistics Canada & Human Resources Development Canada, 1995) .
The current study was conducted on data from children and adolescents in the original longitudinal cohort of the NLSCY, who were between the ages of 0 and 11 years when they were first identified in Cycle 1 (1994/1995) . Data collection occurred every two years, for a total of seven observations per youth over a 12-year time span. Only those observations that occurred when the youth was between the ages of 6 and 17 years were included in the current study. Observations were divided into two age ranges: children (ages 6-11 years) and adolescents (ages 12-17 years). These age ranges were used because height and weight were reported by parents for children until 11 years and by adolescents beginning at 12 years. Children under the age of 6 years were omitted due to the known instability of parent-reported BMI at these ages in the NLSCY (cf. Oliver & Hayes, 2005) . Biases in parent-reported BMI for early childhood are largely attributable to underreporting child height at young ages (Akinbami & Ogden, 2009) . Youth older than 18 years of age were not included due to changes in the measurement definitions of BMI at this age. Similar age ranges have been previously employed in studies of overweight in Canadian youth (e.g., Oliver & Hayes, 2005; Shields, 2006) . Thus, depending on age at initial recruitment, there were between one and three observations per youth for each age range.
Data collection for the NLSCY occurred via a computer-assisted telephone interview with the ''person most knowledgeable'' about the youth, and his or her spouse, and via a self-completed paper questionnaire for adolescents (aged 12-17 years). The ''person most knowledgeable'' was the youth's biological mother (90%) or biological father (8%). The spouse was the youth's biological father (69%), step-father (7%), or biological mother (5%). There was no spouse for 16% of the observations. The ''person most knowledgeable'' will subsequently be referred to as ''parent.''
The demographics of the current study sample are provided in Table I . Due to over-sampling of rural areas, the NLSCY under-sampled populations of immigrant families and non-White youth, who often settle in large urban areas (Beiser et al., 1998; Statistics Canada, 2001 ). All analyses are based on this unweighted sample of youth from the NLSCY.
Measures
Acculturation Youth were classified into one of five groups based on generation of immigration or Aboriginal heritage.
Generation classifications were made based on the parent's country of birth, the spouse's country of birth, and the child's country of birth, as reported by parents. Higher generation of immigration reflects a greater number of generations removed from immigration and a potential for greater acculturation. ''First-generation'' was defined as youth born in a country other than Canada; ''secondgeneration'' was defined as youth born in Canada, with both parent and spouse born in a country other than Canada; ''mixed-generation'' was defined as youth born in Canada, with one parent born in Canada and one parent born in another country; third-generation or higher (hereafter referred to as ''third-generation'') was defined as youth born in Canada, with both parent and spouse born in Canada (or parent born in Canada and no spouse listed). Previous studies have similarly used country of birth to define generation of immigration in youth (Gordon-Larsen et al., 2003; Haas et al., 2003; Popkin & Udry, 1998) . The nonimmigrant Aboriginal group is a distinct category and is not assumed to be an ordinal ranking relative to the other generations. ''Aboriginal'' was defined as youth born in Canada and identified by their parents as ''an Aboriginal person who is North American Indian, Inuit, or Métis.'' Ethnicity/Race Race was determined by the parent's response to the question, ''How would you best describe this child's race or color?'' The 12 forced choice response categories in the NLSCY were aggregated according to geographic and cultural proximity to avoid small group sizes. The ethnoracial groups were: White, East Asian, South East Asian, South Asian, Black, Aboriginal, and Other.
Socioeconomic Status
Socioeconomic status was measured using two variables at every observation: household income during the previous twelve months and number of years of education the parent had completed. Household income was derived from open-ended questions answered by the parent and his or her spouse about various sources of income (e.g., wages and salary, self-employment, social assistance). Parental years of education was derived from two forced-choice questions: years of elementary and high school, and highest level of education attained beyond high school. For our analyses, we used mean household income and mean years of parental education aggregated across observations for each participant.
BMI

BMI was calculated as weight (kg)/height (m)
2 . For children aged 6-11 years, the parent reported the child's height and weight. Adolescents aged 12-17 years self-reported their height and weight. Height and weight were reported at each observation. Parent-and self-reports are subject to bias, with parents likely to over-report BMI and adolescents likely to under-report BMI (e.g., Shields, 2006) . BMI Z-scores and percentiles were derived using age-and sex-specific values from the Centers for Disease Control and Prevention (Kuczmarski et al., 2000) . Overweight status was defined as 85th BMI < 95th percentile; Obese status was defined as BMI ! 95th percentile.
Analytical Strategy
Missing Data Youth with missing information on generation of immigration or race were excluded using listwise deletion (4,203 children and 463 adolescents). Multiple imputation (n ¼ 5) was performed using AmeliaView II to impute missing outcome data for nonresponse (i.e., youth who missed one or more observations of data collection) and partial nonresponse (i.e., youth with missing/incomplete information on outcome data). BMI Z-scores from other observations were included in the imputation model, along with height, weight, age, gender, race, generation of immigration, household income, and parental education. 
Hypothesis Testing
Hierarchical linear modeling techniques (Bryk & Raudenbush, 1987) were used to fit regression models to the longitudinal data. This type of the modeling is recommended for the analysis of longitudinal pediatric psychology data (DeLucia & Pitts, 2006) . To assess the influence of generation of immigration on youth's BMI, a two-level model was specified in which observations (level 1) were nested within individuals (level 2). The level 1 model describes within-individual BMI change over time and the level 2 model describes the effect of between-individual predictor variables (generation of immigration, ethnicity/ race, socioeconomic status, gender). Hierarchical linear models were specified using HLM 6.2 software. Separate models were constructed for child and for adolescent age ranges. Given the statistical advantages to using age-and sex-specific BMI Z-scores (Must & Anderson, 2006) , we chose to test hypotheses using BMI Z-scores as the dependent variable. For ease of interpretation, descriptive statistics are presented in BMI percentiles and weight status categories. For each age range, six a priori defined models were tested. The cross-sectional hypothesis that BMI would be lower in more recent generations of immigrants compared to higher generations, and highest in the Aboriginal group, was tested with three intercept-only models, using only level 2 (between-individual) predictors. First, an unconditional model with no predictors determined baseline intercept estimates and provided a comparison for subsequent models. Next, a generation model was specified with generation of immigration entered as a categorical level 2 predictor (third-generation is reference group). Finally, age at initial data collection, gender (male is reference group), household income (grand mean centered), and parental education (grand mean centered) were entered as level 2 predictors in the full model. By controlling for these covariates, we were able to determine whether generation of immigration independently predicted BMI Z-score.
The longitudinal hypothesis that change in BMI over time would differ across generation of immigration was tested with three slope or ''change'' models, using level 1 (within-individual) and level 2 (between individual) predictors. First, an unconditional change model included age (with 0 indicating 6 years old for child analyses and 12 years old for adolescent analyses) as a level 1 predictor to determine baseline change over time estimates. Next, a generation change model was specified with generation of immigration (third-generation is reference group) as a level 2 predictor of BMI Z-score change. Finally, in the full change model, we also entered age at initial data collection, gender (male is reference group), and parental education (grand mean centered) as level 2 predictors of BMI Z-score change. Household income was not included in this model due to multicollinearity with parental education.
Results
We examined rates of overweight and obesity, as well as mean BMI percentiles by gender and generation of immigration. Results are based on means and percentages of all observations in each age range. Descriptive results are provided in Tables II and III. Hypothesis testing results using hierarchical linear modeling and BMI Z-score as the dependent variable are provided separately for children (Table IV) and adolescents ( Table V) . Note that all analyses were also run with BMI percentile as the dependent variable and results were largely identical. For children, the unconditional model demonstrated that 33.0% of the total variance was between-individual and 67.0% of the total variance was within-individual. The generation model tested the cross-sectional hypothesis that one's generation of immigration would predict BMI, irrespective of time. Results showed a significant effect of generation of immigration on BMI Z-score, accounting for 0.5% of between-individual variance. Specifically, mixed-generation had significantly lower mean BMI Z-scores than third-generation, while Aboriginal children had significantly higher mean BMI Z-scores. First-and second-generation were not significantly different from third-generation. In the full model, when gender, cohort, race, income, and education were included as covariates, the effect of generation of immigration was no longer significant. Results showed that being a girl, having higher household income, and higher parental education were significantly associated with lower BMI Z-scores. The effect of race was also significant, as East Asian was related to lower BMI Z-scores, and Aboriginal was related to higher BMI Z-scores, compared to White. These additional covariates explained an additional 2.9% of between-individual variance.
For children, the unconditional change model indicated that age was related to an overall decline in BMI Z-score, Note. BMI percentiles were derived using CDC age-and sex-specific values (Kuczmarski et al., 2000) . Overweight: 85th BMI < 95th percentile; Obese: BMI ! 95th percentile.
a Rates of obesity were suppressed due to small cell counts within the NLSCY; therefore, a combined percentage for overweight and obesity (BMI ! 85th percentile) is reported. NLSCY restricts release of small cell count data to protect anonymity. accounting for 6.3% of within-person variance. The generation change model tested the hypothesis that one's generation of immigration would predict BMI change over time. Results showed that generation of immigration was not significantly associated with change in BMI Z-score. In the full change model, gender and age at recruitment were significantly associated with BMI Z-score change, with boys and children who were younger at recruitment demonstrating an increase in BMI Z-score over time. For adolescents, the unconditional model demonstrated that 51.5% of the total variance was between-individual and 48.5% of the total variance was within-individual. The generation model showed a significant effect of generation of immigration on BMI Z-score, accounting for 0.3% of between-individual variance. The pattern of results was similar to childhood, with secondand mixed-generation associated with lower BMI Z-scores, Aboriginal associated with higher BMI Z-scores, and first-generation showing no difference, compared to third-generation. When additional covariates were added in the full model, the main effect of generation of immigration was attenuated for all generations; only Aboriginal remained significantly different from third-generation. In adolescents, gender was not associated with BMI Z-score, while higher household income and higher parental education were associated with lower BMI Z-scores. Race showed a significant effect on BMI Z-score, specifically, East Asian was associated with lower BMI Z-scores compared to all other ethnoracial groups.
For adolescents, the unconditional change model indicated that age was related to an overall increase in BMI Z-score, accounting for 12.9% of within-person variance. The generation change model showed that first-generation was associated with an increase in BMI Z-score over time, compared to all other generations. This effect remained significant in the full change model. Similar to the findings in children, younger age at initial recruitment and male gender were related to an increase in BMI Z-score over time. East Asian race was associated with a decrease in BMI Z-score over time, compared to other races.
Discussion
This study assessed the cross-sectional and longitudinal effects of acculturation, as measured by generation of immigration, on BMI in Canadian youth. We used a population-based sample of children and adolescents to establish an association between generational status and excess weight in this population. The age-only change model yielded an intercept estimate of 0.008 (0.002 to 0.014). *p < .05.
Our first hypothesis was that BMI would be elevated in higher generations of immigrants compared to more recent generations of immigrants, and would be the most elevated in the Aboriginal group. We demonstrated that generation of immigration was related to BMI in both child and adolescent age ranges. As expected, second-, and mixedgenerations had lower overall BMI than third-generation (second-generation was statistically significant in adolescents only); however, no differences were observed between first-generation and higher generations. Aboriginal group was associated with higher overall BMI than all other groups, as expected. Therefore, our results partially support our hypothesis in that children and adolescents in more recent generations of immigrants would be less overweight. The finding that first-generation youth were more overweight than higher generations was contrary to our hypothesis, which was based on previous research and the healthy immigrant effect.
The pattern of results based on generational status was different from Singh et al. (2009) , who demonstrated lower odds of overweight and obesity in first-generation compared to second-and third-generation adolescents, while controlling for race and other covariates. Similarly, Popkin and Udry (1998) and Gordon-Larsen et al. (2003) found lower prevalence of overweight in first-compared to second-generation adolescents in Hispanic and Asian American adolescents. In fact, our results may be more in line with Haas et al. (2003) , who found no difference between first-generation and second-generation or higher children and adolescents in a multicultural sample. Therefore, it is possible that lower BMI in first-generation immigrant children and adolescents may be more evident when samples are stratified by race. Although, small non-White sample sizes prevented us from running our analyses this way, visual inspection of means suggest patterns consistent with higher BMI in Black, South Asian and Other first-generation immigrants and lower BMI in East Asian, Southeast Asian, and White first-generation immigrants. Therefore, the expected patterns of results may be more likely to emerge in East Asian, Southeast Asian, and White youth. Another possible explanation for our findings was that first-generation immigrant youth originated from countries with similar or higher prevalence of childhood obesity to Canada (such as United States, England), which would suggest that these youth would not be greatly affected by acculturation to an obesogenic environment. Again, visual inspection of means suggest patterns consistent with the idea that youth from the United States or England (about 18% of the first-generation group) did not have higher BMI than youth originating from other countries, such as Germany, China, India, and Philippines. Finally, an overall small sample of first-generation immigrants may have reduced our power to detect differences in this group. Despite these possibilities, it is important to consider that these results are reflective of actual patterns of overweight in Canadian immigrant youth. Specifically, first-generation immigrant children and adolescents may be at increased risk for excess weight compared to children of immigrant parents. This could be due to stress associated with immigration (Young, Spitzer, & Pang, 1999) and acculturation (Berry & Annis, 1974) .
Our second hypothesis was that change in BMI over time would differ across generation of immigration. This was the first study to examine longitudinal patterns of overweight across generational status in children and adolescents. We found that generation of immigration was not associated with BMI change within childhood, but that first-generation was associated with significantly more weight gain over time compared to all other generations within adolescence. Given that first-generation immigrants did not have lower BMI cross-sectionally in childhood or adolescence, the observed weight gain relative to other generations is especially concerning. It is possible that a greater disparity between original and dominant cultures in first-generation immigrants is related to more acculturative stress, especially during the transitional time of adolescence.
Current findings for both child and adolescent age groups are congruent with previous study findings that Aboriginal youth have a higher prevalence of obesity than non-Aboriginal youth (Katzmarzyk, 2008) . This study demonstrated that overall mean BMI is higher in this population, but did not show more increases over time. While research is ongoing in this area, it important to continue to uncover the factors underlying for Canadian Aboriginal peoples' increased risk for obesity and related morbitities.
One limitation of this study is the use of parent-and self-reported heights and weights to calculate BMI. Although parent-and self-reports have been used previously to document important changes in overweight and obesity in Canadian youth (Tremblay & Willms, 2000) , they may also be less accurate and reliable than measured height and weight. Parent-reported height and weight have been shown to lead to overestimation of child overweight and obesity (Shields, 2006) , which may be primarily driven by underestimation of young children's height (Akinbami & Ogden, 2009 ). Although adolescent self-reported height and weight correlates highly with measured height and weight (Goodman, Hinden, & Khandelwal, 2000) , they tend to lead to underestimation of overweight and obesity (Shields, 2006; Strauss, 1999) . Gender and race may be related to degree of reporting errors in parent-reports (O'Connor & Gugenheim, 2011) and adolescent self-reports (Goodman et al., 2000; Strauss, 1999) . However, the validity of parent-and self-reports of height and weight by generation of immigration is largely unknown (Bates, Acevedo-Garcia, Alegria, & Krieger, 2007) . The use of a continuous measure of BMI as the dependent variable in the current study may help to minimize errors from misclassification into weight categories (Strauss, 1999) . We have previously referred to limitations in the NLSCY sample that led to low numbers of first-generation immigrants and non-White ethnoracial groups. Small sample sizes may have limited statistical power to observe significant differences between these groups. In addition, the current study grouped immigrants, refugees, and Canadian children born abroad, although their risk for obesity may vary. Given these limitations, it will be important to replicate the findings of this study using measured height and weight in a Canadian sample with a larger number of first-generation immigrants and non-White youth. This could be done by oversampling large urban centers, such as Toronto, Vancouver, or Montreal.
Future researchers should aim to uncover the mechanisms by which generational status is related to the development of overweight in children and adolescents. One avenue of research is to explicitly measure acculturation, rather than infer through generational status, to understand how culture change is related to weight gain. Acculturation may be assessed using cultural identity questionnaires, language proficiency and/or preference, or neighborhood ethnic or immigrant composition. Examination of time since immigration is another important variable to examine in this age group. A longitudinal design should be emphasized to understand the temporal pattern and begin to infer causality. Another area of future research is to measure important related risk factors, such as diet/food, physical activity/inactivity, stress, and sleep patterns, in relation to immigration, acculturation, and weight gain. Findings in these areas will promote further understanding of the healthy immigrant effect, including whether it is driven by lifestyle factors and whether excess weight may mediate the relationship between time since immigration and deterioration of health.
As researchers begin to understand how overweight and obesity develop in immigrant populations, clinicians and public health officials can design and implement strategies to prevent immigration-related weight gain and interventions targeted at reducing existing obesity in immigrant youth. Pediatricians and other health professionals should be cognizant of the risk for obesity in immigrant children, and may begin educating immigrant families about achieving healthy lifestyles in their new country. Researchers and policy makers may learn from the prevention and intervention strategies that have been implemented in Aboriginal children and adolescents, as these have often integrated the community and culture (e.g., Potvin, Cargo, McComber, Delormier, & Macaulay, 2003) . It may be possible to build upon these interventions and change them to fit with the specific needs of immigrant youth. It will also be important to continue to adapt the existing interventions to address acculturation issues in Aboriginal youth.
In summary, the current study demonstrated that there are both cross-sectional and longitudinal differences in BMI between generations of immigration. Specifically, children of immigrant parents tend to have lower BMI than children of Canadian-born parents across childhood and adolescent age groups. However, contrary to most previous findings, first-generation immigrant youth did not have lower BMI than higher generations. In addition, first-generation immigrants were shown to gain weight relative to other groups across the adolescent age group. These findings suggest that the healthy immigrant effect for excess weight may not be straightforward in Canadian children and adolescents. First-generation immigrant youth appear to be at risk for developing obesity, which has important implications for future research as well as health policy and practices targeted at this population.
